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DOES THEHE EXIST A BInibi MY DrOTEL rEa0XIDE?

sfessor M. M, Emanuel' and

X. E. Kruzlvakova

drom: Priroda [Mature], Xo 6, June 1952, pp 103-108
CPYRGHT

Somewnhat more than 52 years aco tne outstan.iing ruassian

chemist, A, N, Bakh, made the statement that, tovether with or-
dinary hydrosen peroxide HpOp, there also exists a higher hydro-

gen peroxide with the composition H0). A. N. sakh conducted a
number of experiments to confirm his point of view. These experi-
ments did not encounter any support during his time. Moreover,
certain foreign scientists expressed themselves against them, Since
that time the question of the higher hydrogen peroxide has peen

raised very rarely in chemical literature,

Hydrogen peroxide is a product which has wide usage in in-
Y 2 p 2

dustry, technology, and medicine. It also plays a great role in
processes taking place in living organisms. It is not by chance

CPYREGIThenmists call nydrogen peroxide the most important

peroxide of biological significance. It is clear therefore that
the question of the existence of a nigher hydrosen peroxide can-
not fail to be of considerable interest to chemistry., bBut along

what path ousht we to seek proof of the existence of this compound?

A, N, Bakh himseif made direct indications of the path of re=-
search, In 1d97 he wrote, ®. . . I had a certain foundation for
assuming that when hydrogen oxiz’zes, at tne moment that oxides
are formed, there can aiso form a higier per.xide, namely, a

hyarozen tetroxide H-0-0-0-0-H, derived f{rom the joining of two
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incomplete groups H-0-0- and -0-O-H" (A, N. sakh, Sopbraniye

trudov po knimii i biokhimii [Collected Works on Chemistry and

Biochemistry], lad-vo AN SSSE {Pub.ishing House of the Academy
of Sciences USSR], 1950, paze 253), For that time this was a
very daring assumption. A. N, Baknh assumed that waen hydrogen
oxidizes there are formed "incomplete groups", that is, nmolecu-
lar fragments, These framments, jbininz togetner, rom an
ordinary, so-cailed "saturated" molecule, Nowadays cnemists are
no longer surprised oy the exisience ol "incomplete groups",
which are called free radicals, When research was being con-
ducted on the course of many chemical reactions, it was discovered
that, as these reactions proceed, free radicals are formed., The
peculiarity of these radicals consists in the fact that they
exist for a short time, because, meeting one another, they are
converted into saturated molecuies, Therefore it is very dif-

Cpg.ﬁéﬁfo discover and study free radicals, A. N. Bakh was far

ahead of his time when he assumed that a free radical HO2 is
formed under certain conditions., After Bakh, chemists beman to
make use of the idea of the existence of the HOy radical when
attempting to investigate the chemical mechanisms of various
complex reactions, Nonetheless, to the present day nc one has
proven with sufficient conviction that the HO, radical actually

does exist,

On the basis of what has been stated, tne followinz path of
study was outlined. It was necessary to study the reactions in
which the formation o¢ the HOp radica. was probable and to at-

tempot to discover, niring these reactions, tne HQOh compound,
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Positive results weould have served as proof of the existence of a
higher hydrogen peroxide and the existence of the 10y radieal,
Proof of either is very important to chemistry and the special
branch of Chemistry whichistudies the mechanism of chemicai re-
actions and the laws zoverning their passase in time (so-called

chemical kinetics),

Following this idea we undertook in our iaboratory to

study the reaction of the decomposition of hydrogen peroxide.

It is generally well-known that hydrogen peroxide decomposes
CPYRGHT easily, releasing oxygen and forming water by the reaction:

2H202 - 2H20 + Og.  The reaction of the decomposition of Hy0p 5
greatly accelerated by infinitesimal additions of various ad-
mixtures -- catalysts: metallic salts, metals in colloid condi-
tion, powdered glass, cotton, etc. It is also accelerated by the
action of light and increased temperature, Toge’ther with this it
is well-known that small additions of certain substances can
prevent decomposition even under conditions in which it ordinarily
proceeds vary intensively, These additions are called stabilizers
of hydrogen peroxide or inhibitors of the reaction of its decomposi -
tion, They include, for example, many organic compounds -- alcohols,

acids, etc,

Tere is a class of chemical conversions f;)r Wwhich the
phenomena listed above are typical, We are speaxing of so-called
chain reactions, The mecha.ism of chain reactions is as rollows,
In a system which is capable of chemical conversion at a slow rate

of speed there form active substances -- a‘oms or radicals, These
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active particles possess a very high capacity for reacting. ‘Lhey
easily take part iu chemical reaction with the molecules of the
initial substances, as a result o7 which there arises a molecule
of the final product plus a new atom or radica. which is able to
take part in a new reaction, etc. Consequently, one originally
formed active center can cause a long chain of chemical conver-
sions, This chain chemical conversion is ended by a process which
leads to the annihilation of the active particle, This scheme of
the passaze of the chemicai process easily explains tne effects of
the action of smail amounts of various cataiysts, the influence of
light, etc. If the addition of some substance can contrioute to
the increase En the nunber of active varticles in tne system, then
this substance will accelerate the chemica: reaction. If, on the
other hand, the active centers die when they come in contact wit
the molecules of the substance added, tnen this substance will be
an inhibitor of the chain reaction. Only infinitesimal amounts

of a catalyst or inhibitor are needed to sreatly influence the

reaction,

CPYRGHT
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¥igure 1. kelease of oxygen auring the decomposition of solution of
hydrogen peroxide in water, at a temperature ot 90 degrees venti-

grade.
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The action or 1lirkt is explained in exactly the same way,
If, with the influence of li~nt upon a molecule, active centers
can form, then lisht wiil accelerate the reaction, Ordinarily tne
action of light upon a chemical reaction is characterized by the
quantum yield of the reaction -~ the‘number of molécules of' the
final product when the system absorbs one quantum of light (1irht
particle), In chain reactions the quantum yields of the reaction,
as a rule, are very great. A large quantum yieid is also ob-

served for the reaction of the decomposition of nydroren peroxide,

DVDAOLIT

T OO T

Fairly long ago the conclusion was made that the decomposi -
tion of hydrogen peroxide is a chain reaction and an assumption
was made concerning very probable chemical reactions with the
participation o molecular fraoments -- radicals -- which are the
cause of the chain of conversions. The chemical mechanism of the
chain reaction of the decomposition of H202 includes tre reactions
of two radicals of OH (free hydroxyl) and the HO2 radical. If, as
the result of some reaction, the OH or H02 radical is formed in
the system, it causes a chain of conversions according to the

scheme:

OH + H202 -—HZO + HO2

HO, « H.O, = HZO -~ 02 + O ete.

2 272

The final products of this assumed chain reaction are pre-
cisely the same products which we observe in practice: water and
oxygen, With rerard to the OH and HO, radicals, no one has is-

<

covered them in this reaction,

Thus the reaction of tne decomposition of 3202 is very

-5 .
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suitable for our purposes, If the HO2 radical is actuaily formed
in the system, then it is possible that, as the result of the
joining of two H02 radicats, a hicher hydrogen peroxide Hzoh is

formed.

The authors of this report have studied the reaction of the
decomposition of pure (without any admixtures) solutions of hydro-

gen peroxide in water,

CPYRGHT

The course of the reaction in time can be observed very
conveniently by the release of oxygen, Because at room tempera-
ture the reaction takes place very slowly, the H202 solutions
were heated to 90 desrees Centigrade. Figure 1 shows how the
amount of oxygen, formed by the decomposition of HZOQ’ increases
in time, It is obvious from the drawing that at first the oxygen
is released slowly, then more and more quickly, and, finally,
slowly arain (because of the decrease in the amount of hydrogen
peroxide). In the course of these experiments, the following
remarkable phenomenon was noted, If the reaction of decomposition
is stopped by cooling the vessel with cold water (this operation
is called "tempering"), and then the vessel is again heated to
90 degrees, the reaction continues with the same speed as if the

cooling had not taken place,

"Tempering® can be done several times during the course of
one experiment and every time, after each "tempering® in turn,
the reaction continues, instead of berinning again., This result
could be obtained only if the active centers formed in tne course
of the reaction do not die when "tempered", but retain their

active capacity until tne experiment is repeated, This is a very
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surprising result, because it is well-known that when a reaction
is stopped, free radicals are quickly annihilated, because they

join with one another (recombination),

Then wherein lies the reason why partially decomposed
hydrogen peroxide retains its chemical activity? Can it be tnat
the product of the joining of radica.s, with repeated heatins,
again decomposes easily intosradicais? OH radicais, joining one

another, yield Hy0p (from two OH radicals), that is, the initial

product, Consequently, this process cannot .ead to the preserva-

tion of chemical activity,

AN LLT

o TN

The circumstance may be different with an H02 radical,
When these radicals Join, a compound H20h is formed, This com-
pound must be very unstable and consequently, the result which
we obtained is completely understandable. When "tempered",

Hy0p is formed from HO,, and when heated a2 second time, the

Hzoh decomposes into two H02 radicals and the chain reaction
continues as if this tempering had not been made at all, It was
possible to foresee yet another phencmenon., Let us assume that
the HO, radical, in the couhijse of the reaction, is formed in
considerable quantities, Th;n, by conducting a "tempering" in
the course of the reaction and determining the remaining unde-
composed amount of hydrogen peroxide, we must note that the
amount of released oxygen will be less than we should have ex-
pected, judging by the decomposed hydrocen peroxide. Part of the
oxygen would be retained in the form of H2Oh, formed by the
Jjoinine of two HO2 radicals. We actuaily succeeded in observing

the phenomenon of insufficient reiease of oxygen, The vaiue of
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incomplete re.eace is measures rhmu.oariy aur.n s une
coarse of the reaction (Fi-ure 2) and reacres 10 sable centireters
of oxyegen (this comprises avproximately 10 percent of the complete

amount of > wnicrn can e released wnen tne initial

R

hydrogen peroxide 1s completed decomposed. Since each incompletely
released molecule of Ao is retained in tne higher hydroren
peroxide Hzoh, for the formation of which 2 HO2 radica.s are ex-
pended, it is natural that the amount of H02 radica.s wi.l be

equai to the doub.ed number of incompletely released nolecules of

oxyeger.

falm\VinYal N
T TN T

Ordinarily, free radicals are formed in chemical reactions
in small amounts. Exceptions are only the so-cailed chain,
branched reactions, characterized by the progressive increase in
the numver ol active centers (atoms and radicals) in the course
of the process. In taese reactions the amount of the least active
radicais can reach tens of percent of the amounts of tre initial
substances. On thic basis it can be thousht tnat tre reaction of
+ae decompositicn of HZOZ ©- a ~pain, crancred reaction, Our
experinents have furiner shown tnat, when Aecomposin nydroren
peroxide solutions of identical composition by percent, prepared
by dilutinz concentrated solutions with water -- once immediately
after obtezining the peroxide, and snoiner iime a month alter ob-
taining it -- differenz amounts of oxvzen are derived when tne

sclutions are completely decomposed, In the second insiance,

4]

more oxyeen is reieased, it is c.ear trnat in the weroxide kept
for a month at rocom temperature, 2 slow process of 4ecomposition

nad been ~oine on, ‘The relativeiy inactive H02 rad ra.s which

were ‘orred could not, because of the low temperat:re, take part
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in the reaction with hydrogen peroxide, and joined into HQOh’ which,

when decomposed, aives more oxyegen than H202.
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Figure 2. 'The phenomenon of incomplete release of oxygen during
the decomposition of solutions of hydrogen peroxide in water, at
& temperature of 90 deerees Centigrade, 1 - Release of oxysgen,
observed in the experiment., 2 - Incomplete release of oxygen,
computed by proceeding from data on the amount of decomposed

hydrogen peroxide and the amount of released oxygen,

Let us also note that recentiy, Soviet scientists K. V.
Astakhov and A, G. Getsov reported the fact, discovered by them,
that oxygen is gradually released from a solution bty the inter-
action of a compound of Caoh and dilute acid, They explain this
fact by the existence of an HO2 compound in tue so.ution, in-

fortunate.y the authors did not, in their report, introduce any
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experimental data with rezard to the interestins obtservation
made by them, Nonetneless it is evident that one must aiso see

in the report of K, V. Astakhov and A. =, Tetsov an indication

of the existence of a nizher hydrocen peroxide.

The results derived by us make it possible again to speak

about the hisher hydrogen peroxide cf A, N, 3akh, and about the
existence of the HO2 radical, and to raise anew the questicn of

the chain mechanism of the decomposition of hydrogen peroxide,

t 18 necessary to continue research of the higner hydro-
gen peroxides, which research is of considerable interest to

chemistry,

Institute of Chemical Physics of the Academy of Sciences
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